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ABSTRACT 
The Photoelastic Coating Method was applied to find 
the surface stresses on the cap of an electrical insulator. 
The strain distribution was observed and photographed. 
This color photograph indicated a visible geography of the 
maximum shear strain distribution in the region of the in-
sulator where the birefringent plastic was bonded with a 
reflective cement. 
The Oblique Incidence technique was used to determine 
the principal stresses from the maximum shear strain (or 
the principal strain difference) readings~ obtained from 
Normal Incidence. 
The critical cross-section of the insulator head was 
optically located, giving an initiative for the re-design 
of the insulator c ap. 
The photoelastic method was applied to determine the 
state of stress at this critical section. 
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I STATEMENT OF THE PROBLEM 
A photograph of the electrical insulator is shown in 
Figure 1. 
It is akin to any ordinary type of insulator usually 
encountered on the power line poles on the streets . 
1 
The insulator is basically an assembly of a steel cap, 
porcelain body, stud, and portland cement as depicted in 
Figure 2. 
This type of insulator can be used singly or in a series 
combination, because of the lt tongue-socket" design of the 
stud and the cap. The insulator is axially symmetrical and 
is required to sustain a vertical centric load through its 
axis of symmetry. 
The cap is coupled by a yoke to another insulator or 
to the power line pole. The steel loading stud is con-
nected through a yoke to a high voltage power line or to 
another insulator. The main body of the insulator is made 
of porcelain and is the primary insulating medium. The por-
tion of the porcelain outside the cap, called the skirt, is 
present primarily to prevent arcing around the insulator. 
It is not subjected to any mechanical load. The stud and 
the cap are bonded to the porcelain by use of neat Portland 
Cement. 
The loading cap (see Figure 3), made of forged steel, 
is responsible for the structural rigidity of the insulator. 
This thesis is primarily restricted to the optical 
2 
Figure 1 Photograph of One-Half of an Insulator 
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Figure 2 Half-Ss ctional View of Insulator w 
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Figure 3 Full-Size Section of Insulator Cap 
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determination of the highest stressed horizontal section of 
the cap (see the frontispiece) and then to apply photoelas-
tic methods to evaluate the state of stress at this criti-
cal section. 
Upon testing such insulators with both the mechanical 
and electrical loads. simultaneously,it was found that the 
failure invariably occurTed due to the breaking of the por-
celain, the cap being pulled off. The idea is to syn-
chronise the failure of the porcelain and the steel cap in 
order to have a balanced design. 
The shape of the cap also plays an important role in 
its design because the circular jaw-like bottom of the cap 
may be susceptible to opening out (radially) which may re-
sult in its slipping off from the porcelain. 
Except for the coupling joint on the top of the cap, 
the cap is circular around its vertical axis of symmetry. 
In addition to this, it is slightly curved at the sides 
(see Figure 3) resulting in a double curvature to suit the 
shape and design of the porcelain inside. In view of this 
fact the stress distribution is three-dimensional. On the 
surface the state of stress is bi-axial since it is a free 
surface. It is also possible to prove that the stress 
normal to the double curvature at any point on a horizon-
tal section of the head anywhere between sections AA and 
BB (see Figure 3) is negligible. 
From theoretical considerations and by measurements, 
it was stipulated that AA and BB were the bounding limits 
for the maximum tensile stress on the cap. 
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Such a bi-axial state of stress can easily be deter-
mined by using the photoelastic coating technique between 
the sections where the highest stress is suspected. This 
technique was considered best since the critical point or 
the critical section of the cap is visible and the optical 
readings can be restricted to the point or points of in-
terest. This is not possible by the bonded electrical 
strain gage method except by the u se of many gages. 
The evalua~ion of the principal stresses from the prin-
cipal strains calls for the magnitude and sign of the prin-
cipal strains. The oblique incidence technique along with 
the normal incidence readings is very suitable in estimat-
ing the state of stress for this kind of a problem. 
A photograph of the Reflection Polariscope ·is s hown in 
Figure 4 and simplified in the line sketches of Figure 5 . 
Figure 4 Photograph of Reflec t ion Polariscope with 
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Set ·ror Normal Incidence 
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II REVIEW OF LITERATURE 
No literature directly pertinent to the problem was 
encountered. 
The idea or using Photoelasticity to study the surface 
stresses on actual parts of any shape is not new. 
In 1930, M. Mesnager (l), working in Francej proposed 
and investigated the use of photoelastic material bonded to 
the polished surface of a metal prototype. Subsequent at-
temptswere made by Mabboux (2) in France and Oppel (3) in 
Germany during the 1930's. 
These early attempts did not succeed for three reasons. 
First, the strain-optical constant K was too low. For this 
reason insuf"ficient fringes were developed. Second, it was 
difficult to bond the photoelastic plastic to the metal in 
such a way that the plastic was subjected to the same sur-
face strains as existed in the metal prototype. Third, the 
plastic used was not sufficiently stable with respect to 
time for practical use. 
In March, 1954, Professor Jessop in England reported 
research on this subject by a British laboratory. 
In July, 1954, Mylonas and Drucker (4) of the United 
States presented a paper in Brussels at the convention of 
I.U.T.A.M. on research conducted at Brown University. The 
technique cited could only be applied to flat parts. 
In 1953, the firstpractical results in both elastic 
and plastic ranges of deformation applicable to any size 
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and shape (flat or curved) of part were achieved in indus-
trial applications in France (5). 
The accuracy of the results, stability in time and 
facility of application have caused this technique to be 
widely applied to industry in Europe. 
The method has been applied in different industries in 
the United States since 1956. 
Dr. Felix Zandman (6) has been very active in improv-
ing and applying several phases of the technique. 
This technique is sometimes called 11 Photos tress". ( *) 
Felix Zandman, M. Walter and S. S. Redner have written 
an interesting paper, "Stress Analysis of a Rocket Motor 
Case by the Birefringent Coating Method 11 (7) 
Today the technique is also used for complicated 
stress analysis of such varied structures as: aircraft and 
missiles, bridges, pressure vessels, machinery, automobiles 
etc. 
* Zandman Method 
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III INTRODUCTION TO THE PHOTOELASTIC COATING METHOD 
The rudiments of thephotoelastic coating method are 
essentially the same as those of Photoelasticity. (B) In 
ract the coating method is sometimes referred to as a logi-
cal extension of conventional Photoelasticity. 
This method is basically a new quantitative stress 
analysis tool which converts principal strain difference or 
the maximum shear strain into color. It combines the func-
tions of Photoelasticity, brittm lacquers and bonded elec-
trical strain gages. 
In optics, there are some materials which are called 
doubly-refractive or birefringent materials; they break up 
an incident ray into two components, both polarized in dif-
ferent but perpend~cular planes, passing through the bire-
frin~nt material with different velocities. It is the 
relative retardation of these components which appears to 
the eye as a color. 
Some plastics also exhibit birefring~ temporarily 
when strained. The birefringence in such plastics disap-
pears when the loads are removed. 
If a beam of white polarized light is passed through 
a strained model of birefringent material, a colored pattern 
is observed; this indicates the stress or strain distribu-
tion. This technique is called Photoelasticity. 
On the other hand, the photoelastic coating technique 
is a method of stress analysis in which the actual 
12 
prototype to be stress analysed is coated with a photo-
elastic plastic. When a load is applied to the prototype 
the strains set up in it are transmitted to the plastic 
coating~ through the inter~aced cement bond. The plastic 
then becomes birefringent; this bire f ringence is directly 
proportional to the intensity of maximum shear strain of 
the plastic and hence of the prototype also~ because o~ 
the rigid bond. If a reflective surface is provided at 
the interface between the prototype and the plastic bonded 
to it (or the interface itself a reflective cement), bire-
fringence can be observed and measured by using a Reflec-
tion Polariscope (See Figure 4 on page 7). 
When examined with the polaris c ope ' s plane polarized 
white light, the distribution of mechanical strains in the 
actual structure is revealed by black and colored fringe 
patterns. The polarized path of light may be made to strike 
the plastic normallY (perpendicularly) or obliquely. These 
methods give different data which can be used to find each 
principal strain in magnitude and sign. 
The black fringes, or the isoclinics, are the loci of 
points along which the principal strains have parallel di-
rections. The shape of the isoclinic itself has no indi-
cation o~ direction; hence it should invariably be labeled 
by its parameter (angle in degrees). These directions are 
established by noting the angular position of a reference 
axis o~ the polariscope. Thus, by the rotation of the re-
ference axis on the polariscope (from 0° to 90°) it is 
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possible to detect an isoclinic at any point on the surface 
of the subject being studied. This, in turn, makes it pos-
sible to define the directions of principal strains at each 
point where the plastic is coated on the prototype. 
By inserting two additional optical components, quarter-
wave plates, in the light path of the Reflection Polariscope, 
it is possible to suppress the isoclinics such that only the 
colored fringes remain visible in the plastic. The quarter-
wave plates produce a polarized light known as circularly 
polarized light. 
The colored fringes - called isochromatics - observed 
with polarized white light traversing the plastic under 
normal incidence, are the loci o£ points where the prin-
cipal strain difference ( E. 1 - E. 2 ) or the maximum shear 
strain (which is equal to E 1 - E:. 2) is constant ( E. 1 as 
used here is invariably greater, algebraically, than E. 2 ). 
If a black fringe is still visible with the quarter-
wave plates in the field of observation, this black fringe 
will indicate an area where the principal strain difference 
is zero. An area of uniform color obviously denotes an 
area of uniform maximum shear strain. Color gradients cor-
respond to shear strain gradients and color or fringe con-
centrations correspond to shear strain concentrations. 
Since the birefringence (or color) is directly proportional 
to ( f 1 - E. 2) it is possible to determine quantitative 
values o£ ( E. 1 - E 2 ) by measuring the degree of birefrin-
gence (or the fringe order) present in the plastic. 
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The measurement of birefringence can either be made 
directly by color comparison or may be accomplished by 
optical compensation. In the latter method some known bire-
fringence is artificially added or subtracted f rom the sys-
tem to get a black fringe (monochromatic light) or a 11 tint 
of passage" (white light). This "tint of passage 11 is a 
purple-red colored fringe occurrmgbetween the red and t h e 
green fringe. It is the most sensitive color to the eye. 
It has a precisely defined wave length. The relative re-
tardation or the birefringence is a c tually defined in t erms 
of units of wave len gths of light. Hence one wave length _, 
corresponding to the .first "tint of pa ssage" corresponds to 
a retardation of one fringe. The f ringe order is t h us de-
fined a s t he number of wave lengt hs t hat have b een retarded 
at a certain point. The fringe order is a dimensionless 
number and is generally a frac tion. 
15 
IV THEORETICAL BASIS FOR THE APPLICATION OF THE METHOD 
TO THE ELECTRICAL INSULATOR 
(a) Normal Incidence: 
Newmann's equation relates the relative retardation to 
the principal stress difference by 
Considering the strain sensitivity, 
6 n = 2 tpK ( E. l- E 2 ) . . . . . . . . . . . . . . . . . . . II 
In both the above equations, it should be noted that 
the thickness of plastic is multiplied by two because the 
light reflects from the surface of the work-piece thus pas-
sing through the plastic twice. ( E: 1 - E. 2 ) is the maximum 
shear strain, identical for the plastic and the prototype. 
Relative retardation is also given in terms of wave 
lengths of light, by 
II II • t • • • II • II • • II t II • t t t II • • • • II II II • 
as explained on page 14. 
1\ for ''tint of passage" is 22.7 microinches. 
From equations II and III we have 
. . . . . . . . . . . . . . . . . . . . . . 
Let f =fringe value of the plastic used; i.e., the 






. . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . v 
The Generalized Hooke's Law states that for bi-axial 
states of stress, 
E l = 6' 1 - fts 6 2 . . . . . . . . . . . . . . . . . . . . . VI 
Es Es 
E. 2 = ~ - As 6' 1 . . . • . . . . . . . . . • . . . . . . . VII 
Es Es 
And, as stated before, the state of stress in the in-
sulator cap is bi-axial, therefore from equations IV, VI 
and VII it follows that 
or 
or A. Nn Es ......... , . . . . . . VIII 
Hence the principal strain difference and the prin-
cipal stress difference can be determined by Normal Inci-
dence (see Figure 5 on page 8) provided the strain-optical 
constant K, the thickness of the plastic and the elastic con-
stants of steel are known. 
(b) Oblique Incidence: 
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stress it is clear that 
6 l = Es ( E.1 + /'.s E 2 ) . • • . . . • • • . • IX 1-ft~ 
6 2 = Es ( E 2 + ~s E: l) . • • • • • . • • . • X 1-_#~ 
It is evident that to evaluate either of the principal 
stresses 6 1 and o2 in magnitude and sign, the magnitude 
and sign of' both E. 1 and E 2 are involved. 
After acquiring the value of ( E 1 - E. 2 ) from Normal In-
cidence, it is necessary to get another equation in ~l and 
E 2 (with proper algebraic signs) by using the optical data 
obtained by making the light strike the plastic obliquely. 
Figure 6 shows an element of a structure subjected to 
a system of' forces producing strains E1 and t 2 . The sur-
face of the structure is coated with birefringent plastic, 
thickness tp, and the axes 1 and 2 coincide with the direc-
tion of E1 and E 2 at point 0. Since the plastic is bonded 
to the structure, the strains of both are identical. 
In Normal Incidence the light propagates along axis 3 
to strike at point 0 and retreat. 
When the light is propagating through the plastic in 
Oblique Incidence, the relative retardation 6 0 is propor-
tional to the ltsecondary" principal strain difference in the 
plane perpendicular to the direction of propagation. 
Assume the light propagation along direction 3', in the 
plane perpendicular to the direction 1 (Figure 7); in other 
18 
. Fig~re 6 Oblique Incidence 
19 
2 
Figure T 11Secondary" Directions 
20 
words, 
The "secondary'' principal strains (as they are called) 
in the plane perpendicular to 3 1 are (see Figures 7 and 8) 
E I = 
1 E.: 1 XI 
E: i 2 = E. 2 + 2 
C: 3 + E:. 2 E 3 cos 2 G ... XII 
2'' .. 
Since the stress 6 3 = 0 (i.e. no pressure applied to 
the surface), we have 
( ,f l + E 2 ) . • . . . . . . . . . . . . XI I I 
By substitution of this value into equation XII, we 
obtain the difference of the secondary principal strains 
E:. 1 l- E. 2 1 , as a function of E. 1, ( 2 and the angle r9 
Also, for Oblique Incidence, 
6 0 = 2tpK 
cos 6) 
the thickness now being tp/cos S 
E.2') ........... . ,- 'T 
Substitution of E 3 (from equation XIII) into equation 
XII and the value of E2 ' thereof, into equation XIV, yields, 
6o = 2tJ2K 1£1 (1 + /....(:Q sin 2 @ ) 
cos L 1-fip 





Figure 8 Mohr's Strain Circle 
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Solving equations II (page 15) and XV, simultaneously 
in E 1 and E2 we find, 
E. = 1 2 
2tpK (1 + flp) sin2 e 
[6o (1-/Lp) cos e + 6n (?pCOS 2 61 -1)] 
The value of )Lp of the plastic used was 0.35 and the 
angle e was 45°, and 
&o = No/\ , bn = N A, n 
there:rore 
E.l = A. lo.68 No - 0.222 Nn] 
2tpK I 
-
E.2 = A. lo.68 N0 - 1.222 Nn] 
2tPK I l 
-
If A. = f = strain fringe value, then, 
2tpK 
E. 1 = f ( o. 68 No 0.222 Nn) XVI 
E: 2 = f (0.68 N0 - 1.222 Nn) ........ XVII 
Now using equations IX and X, the magnitude and sign 
of 6 1 and 6 2 can be evaluated. 
23 
V EXPERIMENTAL PROCEDURE 
B2refringent plastics are available in three forms. 
The cheapest and simplest to apply is a ready-made sheet 
of plastic with a standard thickness and known K. However, 
this can only be applied to flat surfaces or surfaces with 
a minimum radius of curvature of 40". The sheets may be 
clear (for prototypes which are reflective or shiny, them-
selves) or mirror-type, one face of which is artificially 
made reflective. A reflective cement may also be used. 
The second form of plastic is a liquid to be made into a 
sheet that can be contoured to a radius of curvature of 
about a quarter of an inch. The third form is liquid plastic 
to be applied with a brush or sprayed with a spray gun on 
the prototype and hardened by heating; this is especially 
suitable for complex shapes and high stress concentrations. 
Because of the double curvature, it was decided that 
the contoured sheet would best suit the cap of the insulator. 
For this purpose the author made a permanent aluminum 
mold with a glass plate for pouring plastic, the mold being 
adjustable to any required area of plastic sheet. This had 
to have leveling screws so that it could be leveled with a 
spirit level when pouring plastic molds to get a uniform 
thickness of the polymerized plastic. 
In the selection of the plastic, the factors to be 
taken into consideration are maximum prototype strain, 
double curvature, surface of prototype - whether, or not, 
24 
reflective - rigidity of the work piece, the sensitivity of 
the plastic and the type of cement. L-02 plastic with a 
nominal K factor of 0.02 and a maximum elongation of 85% 
(available from the Budd Company, Phoenixville, Pennsylvania) 
was employed. For economy in time a new reflective cement 
4HRCT (also from the Budd Co.) was used; this has a drying 
period of only four hours. 
The mold was adjusted to the required area and cleaned 
with a gauze pad swab first with acetone and followed by 
isopropyl alcohol. The mold was then covered with a Plexi-
glass cover and leveled_by a spirit level on the remaining 
area of the mold glass plate. 
The weight of the plastic for a certain thickness is 








W = 17 A t p p 
area of plastic 
its thickness in 
in square 
inches 
the weight of plastic in 
inches 
grams. 
plastic was weighed in a beaker and heated slowly, 
on a hot plate, to a temperature of 130°F (with a tolerance 
± 3°F) measured with a constantly stirring immersion ther-
mometer. The beaker was then taken back to the weighing 
balance and L-02 hardener, 21% by weight of plastic, was 
added to it and the mixture was rigourously stirred. An 
exothermic reaction in the mixture followed and as a tern-
perature of 165°F (tolerance of -0°F, +3°F) was attained, 
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the plastic mixture was immediately poured into the mold. 
To spread it evenly, the mold was lifted by hand and gently 
swayed until the plastic had reached all the area. The 
mold was carefully put back to the same leveled position. 
It should be noted that the weighing and temperature accu-
racy is critical in the above procedure. 
The plastic underwent successive stages of softness, 
polymerization and permanent hardness. At a certain semi-
polymerized state, the plastic was ready to be gently taken 
off the mold with oily fingers and softly placed on the 
palm of the hand and cut into the required pieces. These 
shaped pieces were freely oiled with mineral oil and gently 
put on the doubly curved surface which had previously been 
oiled. The procedure is very important because of the fact 
that the plastic in its semi-polymerized state can be bent 
or shaped without introducing a residual birefringence in 
the plastic. 
The plastic assumed the contour of the insulator cap 
as it hardened to a hard plastic. 
After a day or so, the hardened and shaped plastic was 
removed from the cap and cleaned with isopropyl alcohol. 
The cap was cleaned and sand-blasted at the area of interest. 
Sometimes these caps have a foreign coating of some other 
material. This makes it necessary to rub the surface with 
a wire brush to a deeper thickness until the base metal is 
discernible. The area is then cleaned with acetone and 
isopropyl alcohol. 
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The 4HRCT reflective cement is then weighed and 4HRCT 
hardener proportionately added to it. The surfaces to be 
coated with the cement are again cleaned with isopropyl 
alcohol and dried. The cement is applied as thinly as pos-
sible taking care to remove any air bubbles. 
The bond was dried for four hours and the plastic 
optically tested. 
With each contour sheet~ a small .flat piece of plastic 
was cured and bonded like 'the contoured sheet itself. This 
flat piece was bonded to a tensile calibration bar (an alum-
inum alloy machined to certain dimensions) and used for 
calibration (determination of strain-optical constant K) of 
the plastic. 
The insulator cap was loaded on a universal testing 
machine. The reflection polariscope was adjusted to a 
suitable height. The analyzer handle of the polariscope 
was kept vertical (paralled to c1 ) and the analyzer ring 
adjusted to a standard crossed system. This produced cir-
cularly polarized llght as depicted in Figure 5 on page 8~ 
since the quarter-wave plates were in position. The order 
of the fringe was so low even at the maximum load~ that it 
was necessary to use a full-wave plate. Such a plate gives 
an artificial relat~ve retardation of one wave length re-
sulting in measurements higher than one fringe. This art-
ificial fringe was of course deducted from the total read-
ing. · 
The Tardy gonometric technique of measuring the exact 
27 
fringe order was employed. This technique is based upon 
the principle of changing the analyzer optic axis from the 
90° stardard position to an angle where a "tint of passage 11 
is spotted on the point of interest in the plastic. This 
technique, having an accuracy of 0.01 fringe, is one of the 
greatest advantages of the large-field meter reflection 
polariscope used for this investigation. 
The compensator, usually useful for finding the range 
of the estimate of the fringe order, was not of much use in 
this problem because the fringe order was always less than 
unity. 
The problem was further simplified by the fact that the 
directions of the principal stresses always remained the 
same on the section studied, since the insulator is radi-
ally symmetrical and was subjected to a tensile axial load 
only. 
The whole procedure of finding the fringe order was as 
follows: 
(a) Normal Incidence: 
Set the analyzer handle paralle 1 to E 1 (i.e. vertical) . 
Rotate the analyzer to its zero position. Slide in the full-
wave plate. Move the analyzer ring clockwise or counter-
clockwise to get a T!tint of passage!! at the point of in-
terest on the plastic. Record the reading. Load the in-
sulator, recording the load also. The color should change, 
if the strain is fairly high, and if the cement bond is 
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good enough. Move the analyzer ring clockwise until the 
same-colored ntint of passage 11 appears. Record the read-
ing. Take the difference of both the readings and that is 
the fringe order for the load applied. 
During any of the above loadings, the light may tem-
porarily be changed to plane-polarized light by optically 
removing the quarter-wave plates, and the pattern checked 
to ensure that a shady black horizontal elongated area of 
plastic along with the isochromatics is viewed; this estab-
lishes that the principal stresses have vertical and hori-
zontal directions. 
(b) Oblique Incidence: 
The procedure was similar to the above except that the 
oblique incidence attachment was set and the readings were 
taken from the image of the point of interest in the mirror 
of the oblique incidence attachment. It should be noted 
here that the oblique incidence reading is not necessarily 
zero at no load. 
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VI SUMMARY OF RESULTS 
In spite of the method being approximate compared to 
the classic bonded electrical strain gage method, it should 
be emphasized that this method not only presents a clear 
picture of the strain distribution, but is also an equi-
valence of an infinite number of strain gages kept in the 
field of study. The fringes are remarkably distinct and 
bright and they are naturally continuous. 
Excellent quantitative data is obtainable and the 
method is unique in comparing designs, very feasibly and 
quickly, to surface problems of members accessible to light. 
Besides other advantages, the method makes it possible; to 
measure residual stress; to keep a photographic record of 
the readings; allow for temperature corrections; reinforce-
ment (due to plastic) corrections; maintain an accuracy of 
a strain of 10 microinches per inch with a tolerance in 
isoclinics of +2°. 
The caps in such insulators have a design load of 25,000 
lbs. and the author could not understand why the porcelain 
was designed for a load of only 15,000 lbs. Of course, the 
insulators are so designed that the cap hardly ever failed; 
yet it seems the cap is, comparatively, excessively rigid. 
This posed a problem in loading the insulator sufficiently 
to get a substantial strain in the cap, for fear of breaking 
the porcelain after 15,000 lbs. This was a fairly big barrier 
in the attempt to get a sensitive color change in the coated 
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plastic. 
Later on, the author learned that the cap is never sup-
posed to yield even slightly, since under such a state, the 
porcelain bond disengages from the steel and is almost in-
stantly subjected to a crack failure. In such a situation, 
therefore, the cap should be fixed in a fixture, alone, and 
loaded; but this is not practicable for the design since the 
design includes the effect of the stud design on the stress 
distribution of the cap! 
As assumed, the Saw-like bottom of the cap, called the 
lip, radially opens out before the porcelain slips and breaks. 
The cap, under such a state, is centrally loaded at the 
coupling joint at the top and the reaction is uniformly dis-
tributed around the periphery of the lip. Due to such an 
application of load, the cap contracts radially resulting in 
stresses which may be referred to as "contraction stresses!! 
which produce circumferential compression. The fact that the 
porcelain does not set up a restraint at the critical section 
is evident if it is seen that the lip of the cap makes the 
porcelain take almost the entire load in compression between 
the lip and the stud rather than in tension at the critical 
section. Before the cap contracts sufficiently to cause a 
radial compressive stress on the internal surface at the 
critical section, because of the restraint from the porcelain, 
the porcelain slips a small amount and releases the load. 
The effect of the stud design on the stress distribution 
of the cap was not possible to determine with the investigated 
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insulators (with different studs) since the caps were them-
selves different in shape and material. 
The correction due to the reinforcement of the porce-
lain was neglected on account of its poor tensile properties. 
There is also a certain standard graph to determine whether 
a correction of reinforcement due to plastic is necessaryj 
this is much pronounced in a bending member. The author 
thought it wise~ therefore~ to have a tension member for 
calibration to alleviate the above correction as well as to 
have convenience in calibration. The correction of rein-
forcement is based upon the ratio of the thicknesses of the 
plastic and the prototype as well as on the type of mat-
erial used. Luckily these ratios in both, the calibration 
and the insulator readings, were very nearly unity. 
For every contouring of plastic~ care should be taken to 
also cut a rectangular piece of plastic while it is in its 
semi-polymerized state (for contouring); this piece will be 
later used for calibrations. It was found that if the plastic 
calibration piece was cut after the plastic dried, a residual 
birefringence was exhibited in the plastic. This residual bi-
refringence could sometimes be accounted for when the residual 
strains have taken place such that the isoclinics occur in the 
same way as they would when no residual birefringence existed; 
usually because of the condition, it becomes very difficult 
to apply this correction. It, apparently, is wiser to make 
another plastic rather than make the correction. 
In the beginning of this investigation the author used 
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pure aluminum ~or calibration; being soft and ductile it 
showed sensitive colors; but these colors were not judged 
to be reliable on account o~ the proportionality of stress 
with strain~ for aluminum~ being too low. It also yielded 
permanently so much that residual bire~ringence was very 
conspicuous. Later~ an aluminum alloy was used without 
knowing its composition and elastic constants! The stiff-
ness was determined by the slope of the stress-strain curve 
drawn by af~ixing a bonded electrical strain gage and meas-
uring the strain by a D.C. Bridge. 
Two different types o~ insulators were investigated. 
These were: 
l. Albion Iron Cap No. 60-45-10 with an At-
water Stud (Single Step) 
2. BTC (Brewer Tichener Corporation) Cap 
with a Rex Stud (Two Step) 
The critical horizontal sections~ as judged ~rom the 
concentration of higher order color fringes~ (see the fron-
tispiece) ~or the above two types of insulators are 1.56" and 
1.46" respectively-from the bottom plane of the cap. 
The ~ollowing are the stress values for a BTC Cap with 
a Two Step Rex Stud (The detailed calculations for the in-
sulator and the calibration of the plastic are shown in 
Appendices A and B): -
At a load o~ 15,000 lbs, 
61 = 11,200 psi (tension) 
62 =-4690 psi (compression) 
't" = 7945 psi 
max 
At a load o~ 20,000 lbs, 
6 1 = 12,300 (tension) 
6 2 = -7150 psi (compression) 
't"max = 9725 psi 
where 't"max is the maximum shear stress . 
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VII RECOMMENDATIONS 
This discussion for the stresses in the insulator has 
been restricted to the assumption that the stress distribu-
tion is two-dimensional. It may be possible to apply a fro-
zen stress method to know the exact three-dimensional state 
of stress. 
Bending effects due to eccentricity of the load on the 
ho.llow cylindrical surface have been neglected. This may 
have an effect on the stress distribution especially on the 
top of the cap where it curves down. This should be con-
sidered in any further investigation. 
The author is of the opinion that since the idea is to 
have a rigid cap with such a stud design as not to make the 
porcelain slip before a stipulated load has been attainedJ 
the following procedure be adopted: with the internal por-
celain and stud unchanged in dimensions, the thickness of 
the cap should be PURPOSELY decreased from the OUTSIDE (the 
inner structure of the insulatorJ thus, essentially remain-
ing the same) and then the insulator loaded. This should 
be accomplished with different stud designs. This not only 
would produce much better strains from the photoelastic view-
point but would also lead to an insight of attempting a syn-
chronised failure of the porcelain and the cap after consid-
ering all the factors of safety. 
It is s~ggested that a point of interest (usually the 
one with the highest stress) be obtained optically and two 
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bonded electrical strain gages be placed on the cap to meas-
ure the principal strains. This should give excellent re-
sults. 
In measuring the rringe order~ the operator is ex-
pected to avoid parasitic rerlection - the normal rerlec-
tion or the source i tselr, by making a. small deviation 
rrom normal incidence. Such a rerlection orten merges with 
the true optical color and arrects the reading. In the 
opinion or the author~ this rerlection~ ir away rrom the 
point where measurements are being taken~ may be useful. 
The reflection~ ir only a spot, is brighter~ and if on the 
same isochromatic as the point of interest~ facilitates the 
determination or the fringe order. This is true~ only, if 
the colors at the point of interest and the spot caused by 
parasitic reflection are the same with a change of load. 
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Referring to Figure 3 on page 4, let us consider, as 
a very rough approximation, the insulator as made of a 
hollow cylinder from the shortest (in diameter) section be-
tween sections AA and BB (Figure 3) and subjected to uni-
axial state of stress. 
This hollow circular section has an inner diameter of 
3.25 11 , and an outer diameter or 3.625" 
Annular area of cross-section 
= 2.04 sq. inches 
For a tensile load of 15~000 lbs., 
Tensile stress o 1 = 15000 = 7700 psi 
2.04 
Tensile strain E 1 = 61 = 7700 
Es 30 X 106 
= 245 microinches per inch 
t 2 = -~s E: 1 = -73.5 microinches per inch 
Therefore, 
f.l - 245 and f.2 = -73.5 microinches per inch and 
fl - ~2 = Yma.x = 318.5 microinches per inch. 
APPENDIX B 
Sample Calculations: 
Speci.fication of Insulator~ BTC Cap with a Rex Stud-
Two Step. 
·Critical Horizontal Section, as judged from the concen~ 
tration of higher order colors, (see the frontispiece), 
is 1. 46'J from the bottom plane of the insula tor cap. 
'The following measurements of stresses and strains are 
based upon this eriticai section: 
Calibration~ 
Tension Member used~ 1.340H x 0.187" 



















Normal and Obliq~e Incidence Optical Readings for Insulator~ 
At a load of 15,000 lbs 
N0 = 0.11 fringe Nn = 0. 09 .fringe 
The graph plotted from calibration readings is shown 
in Figure 9. 
Slope of' the straight line from .the graph 
= 0.455 fringes per lb 
9000 
From equation VIII on page 16~ 
6 1 - 6 2 <:~~ . A Nn 1E 
2 tPK ( 1 + _,a ) • • .. • • • • • • • • • • 41 
~0 
(a) 
where Nn 1is the value of the fringe order of the plastic on 
the calibration bar. 
For this bar 6 2 = 0, therefore f'rom equation (a) 
wher-e P is the load app.lied and A the area of the cross-
·section, 
The quantity in the parenthesis is given by the slope of the 
straight line of the calibration graph shown in Figure 9. 
The Modulus of Elasticity E~ as determined from the 
slope of the stress-strain curve for the calibration alumi-
num alloy, .. is 13.4 x lC 6 psi. 
K = 22.7xlo-6xl3.4xl06xl.340xO.l87 x 0.455 
2x0.092xl.3 9000 
= 0.0161 
From equations XVI and XVII on pag~ 22, 
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E: 2 = f (0.68 N0 - 1.222 Nn) 
f = = 22.7 x 1o-6 = 7650 x lo-6 
=2-x--=o-.0~9=2~x~O~.~O~l~6~1 
Therefore, 
E = 7650 x 1o-eS (0.68 X 0.11 - 0.222 X 0.09) 1 
= 420 microinches per inch (tension) 
E2 = 7650 X 10-6 (0.68 X 0.11 - 1.222 X 0.09)" 
= 268 microinches per inch (compression) 
The principal stresses are given by (refer to equations 
IX and X on page 17) 
61 = Es ( E.l +fls E 2) 
1 - ~2 s 
62 = Ef.ii ( E 2 + fts E. 1) 
1 
- ft~ 
Assuming Es = 30 X 1C6 and ~s = 0.3 
01 = 30 X 106 [420 + 0.3 X ( -268)] x 1o-6 
0.91 
= 11,200 psi (tension) 
62 = 30 .X 106 [ -268 + 0.3 (420)] x 1o-6 
0.91 
= - 4690 psi (compression) 
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